During recent years, walking humanoid robots have gained popularity from wheeled vehicle robots in various assistive roles in human's environment. Self-localization is a necessary requirement for the humanoid robots used in most of the assistive tasks. This is because the robots have to be able to locate themselves in their environment in order to accomplish their tasks. In addition, autonomous navigation of walking robots to the pre-defined destination is equally important mission, and therefore it is required that the robot knows its initiate location precisely. The indoor navigation is based on the map of the environment used by the robot. Assuming that the walking robot is capable of locating itself based on its initiate location and the distance walked from it, there are still factors that impair the map-based navigation. One of them is the robot's limited ability to keep its direction when it is walking, which means that the robot is not able to walk directly from one point to another due to a stochastic error in walking direction. In this paper we present an algorithm for straightening the walking path using distance measurements by built-in sonar sensors of a NAO humanoid robot. The proposed algorithm enables the robot to walk directly from one point to another, which enables precise mapbased indoor navigation.
Introduction
A humanoid robot is a robot with an overall appearance based on that of the human body [1] . The robot is based on the general structure of a human, and hence it usually has a torso with a head, two arms and it walks on two legs. The humanoid robot typically has autonomous capabilities, which means that it can adapt to changes in its environment or itself and continue to reach its goal. In practice this may mean self-maintenance such as automatic recharging, autonomous learning and movement as well as avoiding harmful situations. Obviously safe interaction with human beings and the environment is a key characteristics required from these kinds of robots. The robots are increasingly used in human's environment, and hence the problem of "working coexistence" of humans and humanoid robots has become acute [2] .
The humanoid robots have been created to imitate some of the same physical and mental tasks that humans undergo daily, and therefore they are ideal to be used as assistive robots in many areas. Assistive robotics is a broad class of robots whose function is to provide assistance to the users, and they are being used in e.g. elderly care and to help people with different kinds of physical disabilities. A socially assistive robot (SAR) describes a class of robots that is the intersection of assistive robots and socially interactive robotics (robots that communicate with the users) [3] . During recent years, humanoid robots have gained popularity in many research-related activities. Compared to the previously employed wheeled vehicles, walking humanoid robots have certain benefits. For example, they are able to access different types of terrain and to climb stairs. On the other hand, there are also drawbacks including foot slippage, stability problems during walking, and limited payload capabilities [4] . One essential drawback is also the fact that the robot has limited ability to keep constant walking direction.
Self-localization of a robot is a fundamental problem in mobile robotics, and a necessary requirement for the humanoid robots used in most of the assistive tasks. This is because the robots have to be able to locate themselves in their environment in order to accomplish their tasks. In addition, autonomous navigation of walking robots to the pre-defined destination is equally important mission, and it requires that the robot precisely knows its initiate location and can perform self-localization when needed. The navigation is usually based on the map of the environment used by the robot. The map-based navigation can be augmented by using additional information on the environment provided by different sensors of the robot. For example visual information provided by the built-in cameras of the robot [5] or distance information from the ultrasonic sensors can be used to assist the navigation and the avoidance of the obstacles. During recent years, it has been proposed a number of approaches for robot navigation in indoor and outdoor environments [6] . The approach presented by Seara and Schmidt [7] is based on the maximization of the predicted visual information in guided robot navigation. Tu and Baltes [8] have applied fuzzy learning to build a map that facilitates planning robot tasks for real paths. Also obstacle avoidance and object handling are key tasks in the autonomous navigation [9] .
Assuming that the walking robot is capable of locating itself based on its initiate location and the distance walked from it, there are still factors that may impair the map-based navigation and self-localization. One essential factor is the robot's limited ability to keep its direction when it is walking. According to our experiments, the walking path of a humanoid robot may differ up to two meters from its initial path on a distance of ten meters. Consequently the robot is not able to walk directly from one point to another, which causes difficulties for the map-based the navigation. In this paper we present an algorithm for straightening the walking path using distance measurements by built-in sonar sensors of the robot. This way the indoor navigation can be improved and the robot is able to walk directly from one point to another, which enables map-based indoor navigation.
The application field for the robotic approach in our research is elderly care. We study how a humanoid robot can be used as an assistant in elderly care institutions such as nursing homes and hospitals. One central task assigned for the robot is computer vision based remote monitoring of the nursing home residents. The robot is able to receive alerts from the telecare system installed in the nursing home and autonomously navigate to the room of the resident in case of e.g. emergency call. The robot can transmit video or still images to remote destination over Internet. It is also possible to establish a speech connection between the remote caregiver and the resident via robot. This way the remote caregiver is able to check the situation in the room, and take appropriate actions. To make this kind of procedure possible, the robot needs an accurate system for self-localization and autonomous indoor navigation.
Methodology

Humanoid Robot
In our research, we are using a NAO V. 4.0 robot manufactured by Aldebaran Robotics [10] . NAO (Figure 1) is a programmable humanoid robot 57 cm "tall". It is capable of autonomous movement using its electric motors and actuators that allow 25 degrees of freedom. It contains a variety of sensors and devices including two CMOS cameras, four microphones, two hi-fi speakers with voice synthesizer and sonar sensors for distance estimation. Tactile sensors and ultrasound system make it possible for the robot to avoid obstacles when walking. The robot has a WLAN (Wireless Local Area Network) connection for communication and information transmission.
Indoor Navigation System
To be able to autonomously move in the indoor environment, the robot uses a map-based navigation system. Once the robot has an accurate map, it can move precisely in the defined environment. Provided that the robot precisely knows its initial location, it can find its way to e.g. a particular room. Figure 2(a) shows an example map of a building in which the robot can be used. The stand-by position of the robot is marked with A (source), and other points represent vertices B-AX. The map is transferred to a graph that contains the source (A), vertices (B-) and edges between them (Figure 2(b) ). The weight of each edge is proportional to the physical distance of this edge in the map. The path finding system is based on Dijkstra's graph search algorithm [11] that solves the single-source shortest path problem. In practice, this means that the path se combined weight is , who small as possible, is selected. All the available paths have been saved to the robot's memory as a graph-type data structure. As soon as the robot receives the alarm from one of the rooms, it can automatically select the shortest path and navigate to this destination.
Algorithm for Walking Path Straightening
The goal of the walking path straightening algorithm presented in this paper is to steer the robot to keep its direction when it is walking. There are several reasons why the robot cannot keep its direction without steering. The most important of them is probably the design of the walking that is operated by the electric motors and actuators in its legs. Also the properties of the floor seem to affect on the walking. For these reasons, the deviation from the original path is not systematic, and therefore we can not make any constant correction to the path.
The straightening algorithm employs the sonar sensors of the robot. These sensors use ultrasound measurement for distance measurement. The walking paths defined in the map-based navigation are usually located close to the walls of the rooms and corridors. Assuming that the distances of the vertices A and B to the nearest wall is known, it is possible to define the distance from the direct path AB to the wall. Then the path of the walking robot is known, and the navigation algorithm can steer the robot to stay on this path by sensing the distance between the robot and wall by keeping this distance constant whenever the robot is walking between these two vertices. A flow chart describing the walking from A to B is presented in Figure 3 . When the robot starts walking from vertex A to B, it makes distance measurement from ICA the wall in locations with pre-defined intervals. Preliminary test have shown that a suitable interval is between 1.5 and 2 meters. If the distance differs from the known distance between the wall and direct bath from A to B, the algorithm corrects the walking direction and checks the distance from the wall again in the next distance measurement location, as presented in Figure 4 .
Experiments
We tested the algorithm in a corridor in which it is easy to measure the distance between the correct path and the path used by the robot. The length of the path was ten meters, and the robot was programmed to walk on this path by using the proposed path correction algorithm. We also repeated this test when the correction algorithm was turned off. The test was carried out ten times, and the results are listed in Table 1 . We also tested how much the measurement interval affects on the results, since the test was carried out with intervals 1.5 and 2 meters.
Results
As shown in Table 1 , the walking path of the robot diverges from the correct path nearly two meters (median value 1.78 meters) in a walking distance of ten meters without using the path correction algorithm. By using the algorithm, the deviation from the correct path is around 
Conclusions
Walking humanoid robots are nowadays widely being used in various assistive roles. However, most of these roles require ability for autonomous movement and navigation, and therefore precise walking is an essential requirement for the robot. The path correction algorithm presented has proved to be a powerful method for correcting the walking path, which enables precise mapbased indoor navigation by using the pre-defined vertices. The algorithm itself is simple and does not cause significant computational cost for the robot's processor. However, frequent ultrasound measurements with necessary direction corrections somewhat decrease the walking speed of the robot. On the other hand, using longer measurement intervals can minimize this. Our experimental results reveal that the measurement interval can be exceeded to two meters, if a mean deviation of 0.35 meters is acceptable. A more precise result of less than 0.1 meters mean deviation is achievable with interval of 1.5 meters. In conclusion, the final performance of the algorithm is a tradeoff between walking time and precision.
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